This article explores the long-run relationship between unemployment rate and labor force participation rate for men and women in Canada. The co-integration analysis vindicates the existence of a long-run relationship between these two variables. This finding leads us to doubt the pertinence of the unemployment invariance hypothesis for Canada. This is consistent with the empirical studies for Japan, Sweden and the United States, but contradicts the empirical studies for Australia, Romania and Turkey. Further, we find discouraged worker effect for women and added worker effect for men and we elaborate on the possible explanations for this seemingly contradictory finding.
I. Introduction
This article explores the long-run relationship between unemployment rate and labor force participation rate in Canada by gender. The nature of this relationship has wide implications for the labor market policy, macroeconomic policy as well as macroeconomic theory and modeling in applications. The informational value of the unemployment rate as an indicator of labor market conditions may not be reliable if there are changes in the labor force participation rate over the business cycle. Further, unemployment invariance hypothesis suggests that the labor market adjustments ensure that the long-run unemployment rate is independent of the labor force, capital stock and total factor productivity. The effect of the changes in these factors can be offset by the labor market adjustments via changes in labor demand, labor supply and wage setting. For instance, an increase in productivity due to technological progress shifts the labor demand curve to the right. According to the unemployment invariance hypothesis the wage setting curve shifts inward by the same amount leaving long-run unemployment unchanged with higher wages. Similar adjustments take place when capital stock increases. However, when there is an increase in the size of the labor force, labor supply shifts to the right. According to the unemployment invariance hypothesis the wage setting curve shifts to the right by the same amount leaving long-run unemployment unchanged with lower wages.
The validity of unemployment invariance hypothesis is a debatable topic among the macroeconomists. For the United Kingdom, Layard et al. (1991) support it while Karanassou and Snower (2004) reject it. Fitoussi et al. (2000) show that long-run unemployment rate is independent of the labor force participation, capital stock and productivity "but only in trendless combinations" in several OECD countries. Österholm (2010) for Sweden, Emerson (2011) for the United States, Kakinaka and Miyamoto (2012) (for males only) and Liu (2014) (from a regional perspective) for Japan do not find support for unemployment invariance hypothesis.
Conversely, Otoiu and Titan (2015) for Romania, Tansel et al. (2016) for Turkey and Van (2016) for Australia find support for the unemployment invariance hypothesis. We ask the following questions. Does unemployment invariance hypothesis hold for Canada? Is this result similar to that observed in other countries? Do changes in unemployment rates set-off addedworker or discouraged-worker effects? Our main results indicate the following. We do not find support for the unemployment invariance hypothesis in Canada. It is consistent across men and women. This implies that long-run unemployment rate is not independent of the labor force in Canda. We further find added-worker effect for men and discouraged-worker effect for women.
4
We elaborate on possible explanations for this seemingly contradictory observation. High labor force participation of women and generous unemployment insurance arrangements are possible reasons for our failure to find added-worker effect for women.
Methodology
In order to examine the existence of a long-run relationship between unemployment and labor force participation rates we apply the vector error correction (VEC) model to these variables. It is a restricted vector auto-regression (VAR) model which can be written as follows.
where yt is an n-vector of variables to be examined. t  is independent, identically distributed random disturbance term. Equation (1) can be rewritten as: . π has a rank r (0≤ r < n) where r is the number of cointegrating vectors. We have      and t y   is stationary. β is the nxr matrix of rank r elements of which are the co-integrating parameters. α is the rxn matrix of rank r the elements of which are adjustment parameters (error-correction terms).
Data
We use monthly data on the unemployment rate (UN) and the labor force participation rate (LFPR) for the period January 1976 through December 2015. Given that there are differences in the unemployment rates and participation rates of men and women we perform separate analysis for them. The time series plot of the data are presented in Figure 1 . We observe enormous increases in the female LFPR over the past half a century while male LFPR exhibits a decline over the same period. The unemployment rates exhibit cyclical variations. In this respect, we observe a similar pattern for the female and male unemployment rates. 
Empirical Analysis
We first investigate the time series properties of the unemployment rate and the participation rate series. We use Augmented Dickey-Fuller (ADF) unit root test with Generalized Least Square (GLS) detrending due to Elliot, Rothenberg and Stock (1996) as well as the KPSS test of Kwiatkowski, Phillips, Schmidt and Shin (1992) . ADF-GLS tests indicate that the null hypothesis of non-stationarity cannot be rejected at 5 percent level of significance for all the series. The KPSS test results suggest that the null hypothesis of stationarity is rejected for all of the series at 5 percent level. These results indicate that all of the series are non-stationary i.e. have unit roots. Both the trace and the maximum-eigenvalue tests indicate that the null hypothesis of noco-integration is rejected at 5 percent level or better and there is one and only one co-integrating vector in all cases considered. These results are robust since the two co-integration tests are in agreement as it is suggested by Hjalmarsson and Österholm (2010) . Thus, there is a long-run relationship between the unemployment and labor force participation rates. Hjalmarsson and Österholm further warn that the trace and the maximum eigenvalue tests have size distortions when the series have near unit roots. They suggest further testing of the restrictions, β = (1 0)′ and β = (0 1)′ . If they are both rejected then the co-integration holds. If both of them or either of them cannot be rejected then co-integration does not hold which may be due to a single stationary variable. To allow for the possibility of near unit roots we test the above restrictions with likelihood ratio tests. Table 4 indicates that both of the restrictions are strongly rejected implying that co-integration holds in all cases considered. The co-integrating vectors shown in Table 3 suggest the added-worker effect for men and discouraged-worker effect for women.
Possible interpretations of this finding are elaborated on in Section 4.1. Finally we consider the short-run dynamics in the relationship between unemployment rate and the labor force participation rate. We test the following restrictions on the errorcorrection terms α = (α1 0)′ and α = (0 α2)′ with the likelihood ratio tests. The first restriction suggests that the labor force participation rate does error correct but the unemployment rate does not while the second restriction implies the opposite. As shown in Table 4 both restrictions are strongly rejected in all cases confirming that both the participation and the unemployment rates are weakly exogenous. 
A Digression on Added and Discouraged Worker Effects
In order to compensate for the income loss due to a spouse's job loss inactive spouse could become a labor market participant or increase the hours worked. It could be considered as a spousal labor supply as an insurance against unemployment. This is referred to as added-worker effect. Usually, it is empirically investigated as the responsiveness of the wife's labor supply to her husband's job loss. On the other hand, the discouraged-worker effect is defined as the voluntary withdrawal of the individuals from the labor market when unemployment rates are high and they lose their hopes of finding a job. Added-and discouraged worker effects both occur during a recession with opposite effects on the labor force participation. The addedworker effect implies an increase in the labor force participation and the discouraged-worker effect implies a decrease in the labor force participation. The two effects may co-exit as suggested by Mincer (1966) and the stronger effect dominates the other. The theoretical underpinnings of the added-worker effect are espoused by Ashenfelter (1980) , Heckman and MaCurdy (1980) and Lundberg (1985) . The theoretical effect is well established. However, in the empirical literature there is no consensus on the magnitude and the existence of addedworker effect.
The existence and the magnitude of the added-worker effect depend on labor market institutions, the labor market conditions, welfare institutions, employment uncertainty, liquidity constraints and culture. Added-worker effect may be more existing during recessions (Bryan and Longhi, 2017; Mattingly and Smith, 2010) and may be less existing during economic booms (Spletzer, 1997; Sullivan, 2008) . Lundberg (1985) , Maloney (1987; and Spletzer (1987) study the case of the US with the finding of small or non-existing added-worker effect. Benati (2001) finds support for the existence of a significant discouraged-worker effect in the US data.
Cullen and Gruber (2000) and Ortigueira and Siassi (2013) suggest that added-worker effect could be crowded out by unemployment benefits. In such cases, public welfare benefits offer an alternative to spouse's entering the labor force. McGinnity (2002) find added-worker effect in West Germany but not in the UK due to the means-tested unemployment benefit system there which may discourage women from entering the labor force or they may leave the labor force.
Added-worker effect is mostly found in countries where female labor for participation is relatively low (Prieto-Rodriguez and Rodriguez-Gutierrez, 2000) and the welfare state is weak (Bentolila and Ichino, 2008) . Bredtman et al. (2017) find that added-worker effect is strongest in the Mediterranean countries and weakest in the Aglo-Saxon countries. In fact, they find negative added-worker effect in the Anglo-Saxson countries which has means-tested unemployment benefit system. Kell and Wright (1990) also find a negative added-worker effect in the UK due to means-testing unemployment benefit system. Hardoy and Schøne (1014) finds no addedworker effect for the full sample of households in Norway which has a generous welfare state and high participation rate of women.
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There are several studies in Canada on added and discouraged worker effects. The literature on their empirical investigation goes back to the 1960's (Officer and Anderson, 1969) .
However, there is a revival of interest on this topic recently. Beland-O'Keefe (2004) provides an excellent survey of the literature of the empirical work in Canada. She finds discouraged-worker effect for the two time periods she examines for both men and women in Canada.
In this study we find a significantly negative coefficient estimate for women on the relationship between participation and unemployment rates. This could be due to the dominance of the discouraged-worker effect over the added-worker effect for women or it may also imply a negative added-worker effect due to the generous welfare state as explained above. We cannot distinguish between them in the context of a time series aggregate data. In Canada labor force participation rate is high as it is in most Western countries where married women already participate in the labor market in large numbers and many families are two-earner families. As Figure 1 indicates the labor force participation rate in Canada increased substantially since the 1970's. In 2015, the last year of our sample, it was 61.2 percent. This could be a reason as to why we do not find evidence for the existence of added-worker effect for women. Further, in general, all employees are eligible for unemployment insurance in which benefits are earnings related and the welfare is needs-tested in Canada (OECD, 2015) . These imply that generous welfare arrangements in Canada could be crowding out the added-worker effect.
In this study we also find a significantly positive coefficient estimate for men on the relationship between participation and unemployment rates. This implies that the added-worker effect dominates the discouraged worker effect for men. This may be due to the fact that men are more likely to remain in the labor force when they become unemployed. More clearly, they may not exit the labor force due to being discouraged when they fail to find a job since they are in general the primary workers in the families.
Conclusion
This paper provides evidence that there is a long-run equilibrium relationship between labor force participation rate and unemployment rate in Canada. This result holds also when gender specific data are used conforming that unemployment invariance hypothesis is not supported in
Canada. This implies that long-run unemployment is not independent of the labor force participation.This result is similar to the Karanassou and Snower (2004) and Miyamoto (2012) for Japan (male sample). However, our result contradicts Layard et al. (1991) in the United Kingdom, Tansel et al. (2016) in Turkey, Otoiu and Titan (2015) in Romania and Van (2016) Australia. The lack of support for the unemployment invariance hypotheses implies that changes in the participation rate which may be due to aging population will affect the unemployment rate in the long-run. Similarly, policies of early retirement or constraints on working time which reduce effective working age population may influence the long-run unemployment rate. Further, policies which improve technology, encourage investment, capital accumulation or research and development will also affect the unemployment rate in the long-run. It is important for the policy makers to plan for the long-run implications of these developments in the labor force participation of men and women.
We further find evidence for added-worker effect for men and discouraged-worker effect for women in Canada. This is contrary to what is found in the United States where there is discouraged worker effect especially for men. In the case of Canada the added-worker effect for women may be less important than the discouraged worker effect because of the strong labor force participation of women and the observation that many families are now two-earner families. Further, the generous welfare regime in Canada may be crowding out the addedworker effect and this could be a reason for the observation of negative added-worker effect.
Although the finding of added-worker effect for men is more difficult to explain we conjecture that men as the primary workers may not withdraw from the labor force during an economic downturn. It is important from the policy making perspective to understand the response of the labor force participation to the changes in the demand for labor over the business cycle since it significantly affects the economy.
The findings in this paper will contribute to our understanding of the functioning of the labor market in Canada. The diversity of the evidence with respect to different countries should be investigated. It may be due to the differences in labor market institutions which may influence the adjustment mechanisms in different labor markets.
